Background-Patients with acute ischemic syndromes (AIS) suffer high rates of recurrent ischemic events despite aspirin treatment. Long-term therapy with oral anticoagulants in addition to aspirin may reduce this risk. We studied the effects of long-term warfarin at 2 intensities in patients with AIS without ST elevation in 2 consecutive randomized controlled studies. Methods and Results-In phase 1, after the cessation of 3 days of intravenous antithrombotic therapy, 309 patients were randomized to receive fixed low-dose (3 mg/d) warfarin for 6 months that produced a mean international normalized ratio (INR) of 1.5Ϯ0.6 or to standard therapy. Eighty-seven percent of patients received aspirin in both groups. The rates of cardiovascular (CV) death, new myocardial infarction (MI), and refractory angina at 6 months were 6.5% in the warfarin group and 3.9% in the standard therapy group (relative risk [RR], 1.66; 95% CI, 0.62 to 4.44; Pϭ0.31). The rates of death, new MI, and stroke were 6.5% in the warfarin group and 2.6% in the standard therapy group (RR, 2.48; 95% CI, 0.80 to 7.75; Pϭ0.10). The overall rate of rehospitalization for unstable angina was 21% and did not differ significantly between the groups. Four patients in the warfarin group (2.6%) and none in the control group experienced a major bleed (RR, 2.48; 95% CI, 0.80 to 7.75), and there was a significant excess of minor bleeds in the warfarin group (14.2% versus 2.6%; RR, 5.46; 95% CI, 1.93 to 15.5; Pϭ0.001). In phase 2, the protocol was modified, and 197 patients were randomized Ͻ48 hours from the onset of symptoms to receive warfarin at an adjusted dose that produced a mean INR of 2.3Ϯ0.6 or standard therapy for 3 months. Eighty-five percent received aspirin in both groups. The rates of CV death, new MI, and refractory angina at 3 months were 5.1% in the warfarin group and 12.1% in the standard group (RR, 0.42; 95% CI, 0.15 to 1.15; Pϭ0.08). The rates of all death, new MI, and stroke were 5.1% in the warfarin group and 13.1% in the standard therapy group (RR, 0.39; 95% CI, 0.14 to 1.05; Pϭ0.05). Significantly fewer patients were rehospitalized for unstable angina in the warfarin group than in the control group (7.1% and 17.2%, respectively; RR, 0.42; 95% CI, 0.18 to 0.96; Pϭ0.03). Two patients in the warfarin group and 1 in the control group experienced a major bleed, and there was a significant excess of minor bleeds in the warfarin group (28.6% versus 12.1%; RR, 2.36; 95% CI, 1.37 to 4.36; Pϭ0.004). Conclusions-Long-term treatment with moderate-intensity warfarin (INR, 2.0 to 2.5) plus aspirin but not low-intensity warfarin (INR, 1.5) plus aspirin appears to reduce the rate of recurrent ischemic events in patients with AIS without ST elevation.
A cute ischemic syndromes (AIS) represent a continuum of acute myocardial ischemia (MI), which includes acute transmural MI with ST elevation, MI without ST elevation, and unstable angina. In patients with unstable angina, although short-term intravenous heparin and aspirin are effective 1 in reducing the incidence of cardiovascular (CV) death and new MI, patients continue to suffer recurrent ischemic events over the long term. It is believed that these recurrent ischemic events are a consequence of an ongoing thrombotic stimulus, 2 a concept supported by the long-term benefits of aspirin therapy. 3 Despite the use of aspirin, however, the rate of recurrent ischemic events remains high. For example, in the OASIS registry, 9.5% of patients suffered CV death, MI, or stroke in the 6 months after their initial hospitalization for unstable angina, 4 and an additional 7.2% were rehospitalized for unstable angina. Furthermore, markers of thrombin generation (F 1.2) remain elevated for months in patients with unstable angina, indicating an ongoing thrombotic stimulus. 5, 6 Therefore, the combination of oral anticoagulants to suppress activation of the coagulation system and aspirin to block platelet activation may be better than aspirin alone for long-term reduction of ischemic events in patients with AIS.
Therefore, we tested first the efficacy, feasibility, and safety of fixed-dose low-intensity warfarin and then, in a second trial, the effects of moderate-intensity warfarin (international normalized ratio [INR] , 2 to 2.5) in patients with AIS without ST elevation.
Methods
The 2 OASIS pilot studies were randomized trials of hirudin (low dose, 0.20-mg/kg bolus, 0.1-mg ⅐ kg Ϫ1 ⅐ h Ϫ1 infusion; medium dose, 0.4-mg/kg bolus, 0.15-mg ⅐ kg Ϫ1 ⅐ h Ϫ1 infusion) versus heparin (5000-U bolus, 1200 U/h) and warfarin versus standard therapy in patients with AIS without ST elevation using a partial 2ϫ2 factorial design. Results of the safety and efficacy for heparin and different doses of hirudin have previously been published. 7 All eligible patients who participated in the OASIS pilot study were approached for consent to participate in the warfarin substudy. Patients were eligible if they were admitted to hospital within 12 hours of an episode of chest pain suspected to be due to unstable angina or MI without ST-segment elevation on their admission ECG. The diagnosis of unstable angina was based on symptoms of angina that were worsening or occurring with minimal activity associated with either current ECG evidence of ischemia or previously documented objective evidence of coronary artery disease. Patients who suffered major bleeding on or within 48 hours of the initial intravenous infusion, those who had a clear clinical indication for warfarin treatment, and those in whom CABG surgery was planned before or within 1 week of hospital discharge were excluded.
In phase 1 of the study, consenting patients were randomized to a fixed dose of warfarin (3 mg), which was aimed to achieve a low-intensity level of anticoagulation (target INR, 1.5) or standard therapy for 180 days. Warfarin therapy was started 5 to 7 days after randomization to the initial 72-hour intravenous infusion of heparin or hirudin because of concerns about potential hazards of combining hirudin with warfarin. The recommended loading dose for warfarin was 10 mg on day 1, followed by a maintenance dose of 3 mg/d for 6 months. Aspirin treatment was advised for all participants. INR monitoring was recommended at 3 to 6 days after initiation of warfarin and at 2 weeks and 1, 3, and 6 months or more frequently at the discretion of the responsible physician.
In phase 2, consenting patients were randomized to moderateintensity anticoagulation (target INR, 2 to 2.5) by adjusting the INR or standard therapy for 3 months. Warfarin therapy was initiated 12 to 24 hours after the initiation of the intravenous infusion of heparin or hirudin. The recommended dose was 10 mg on day 1, 3 mg on day 2, and 3 mg on day 3. Thereafter, dose adjustments of warfarin were left to the discretion of the treating physicians to target an INR value of 2 to 2.5. The goal was to increase the INR into the therapeutic range (INR, 2 to 2.5) by the time of hospital discharge. However, the intravenous infusion was not continued Ͼ72 hours if this target was not achieved. Aspirin treatment was advised for all patients. INR monitoring was done on days 2 and 3 after starting warfarin; on the day of hospital discharge; and at 2 weeks, 35 days, and 2 and 3 months or as often as indicated for clinical reasons. Data on the following outcomes were documented: (1) CV death, (2) new MI as evidenced by recurrent symptoms with either new ECG changes or new enzyme elevation, (3) refractory angina, (4)severe angina, and (5) rehospitalization with unstable angina. Refractory angina was defined as a new episode of ischemic chest pain (with documented characteristic ECG changes during pain) lasting Ͼ5 minutes occurring despite "optimum" medical treatment and requiring an additional intervention such as thrombolytic therapy for threatened MI, insertion of an intra-aortic balloon pump, cardiac catheterization within 24 hours, or transfer to a tertiary care center within 48 hours of the onset of pain/symptoms. Optimum treatment was defined as at least 2 antianginal treatments, 1 of which should be an intravenous nitrate (unless contraindicated). After the initial hospitalization, refractory angina was defined as readmission to hospital with a primary diagnosis of unstable angina leading to a cardiac procedure. Severe angina was defined as recurrent ischemic chest pain lasting Ͼ5 minutes while the patient was on optimal therapy with documentation of new ECG changes associated with the episode of chest pain. Rehospitalization with unstable angina was defined as all readmissions to the hospital (after initial hospitalization for study entry) with a diagnosis of unstable angina that was associated with typical ECG changes on the admission ECG or was confirmed as the primary diagnosis on the discharge summary by the most responsible physician. The safety outcomes monitored included stroke and bleeding. Stroke was defined as the presence of a new focal neurological deficit thought to be vascular in origin with signs or symptoms lasting Ͼ24 hours, and strokes were further classified as intracranial hemorrhage or ischemic infarction. Bleeding was classified as major if the event was fatal or life threatening, was permanently or significantly disabling, or required transfusion of packed red blood cells or surgical treatment. All other bleedings were classified as minor.
Blinded Central Adjudication of Events
All major clinical end points up to 35 days, including death (classified by cause), MI, refractory angina, readmission for unstable angina, major bleed, and stroke, were initially adjudicated by a central committee of clinicians blinded to the treatment allocation using standard definitions. An overall agreement rate of 75% was observed between reported and adjudicated events for all outcomes. The rate of agreement for CV death, MI, and strokes was 95%. 8 Because there were no differences in the estimates of the treatment effects using either the classification of the investigating physician or central adjudication, 8 events that occurred after 35 days were not formally adjudicated in this pilot study.
Study Organization
Patients were recruited from 31 clinical centers in Canada. Data were transmitted by use of the DataFax system to the Canadian Cardiovascular Collaboration Project Office located at the Preventive Cardiology and Therapeutics Program of the Hamilton Civic Hospitals Research Center, McMaster University. All patients gave written informed consent, and the protocol was approved by the Institutional Review Board of each hospital. Key safety and efficacy data were reviewed by an independent Data and Safety Monitoring Board during the course of the study.
Statistical Analysis
The primary outcome for the comparison for efficacy was the composite of CV death, new MI, and refractory angina. Secondary comparisons included the composite of CV death, new MI, refractory and severe angina, and rehospitalization for unstable angina. The major safety outcomes were stroke and bleeding. Individual and cluster outcomes were compared by use of Mantel-Haenszel 2 tests. The main goal of the study was to explore feasibility, the safety effects on the INR, and the preliminary clinical efficacy of warfarin versus standard therapy. Therefore, the study was not formally powered to detect significant differences in clinical outcomes.
Results

Phase 1: Low-Intensity Fixed-Dose Warfarin
In phase 1, conducted from July 15, 1994 , to August 30, 1995 patients were randomized to intravenous therapy with heparin or 1 of 2 doses of hirudin. Of these, 309 patients were randomized into the warfarin substudy, 155 to low fixed dose of warfarin, and 154 to standard therapy. Approximately 87% of these patients received aspirin (median dose, 325 mg/d). Two hundred ninety-two patients were not randomized into the warfarin substudy. The reasons for not randomizing patients into the warfarin substudy are found in Table 1 . The baseline characteristics of all patients are found in Table  . Warfarin Dose and INR The median time to receipt of the first dose of warfarin was 6 days (range, 5 to 8 days) after initial entry into the study. At hospital discharge, the mean INR was 1.68 (Ϯ0.67). Over the 6 months of follow-up, the mean INR was 1.48 (Ϯ0.63) (Figure 1 ). Of the patients who continued warfarin throughout the study, the mean dose was 3 mg/d.
Efficacy
Ten patients (6.5%) in the warfarin group compared with 6 (3.9%) in the standard therapy group experienced a primary outcome event (CV death, new MI, or refractory angina; relative risk [RR], 1.66; 95% CI, 0.62 to 4.44; Pϭ0.31) . During the follow-up period, 27 patients (17.4%) in the warfarin group suffered a secondary outcome event (CV death, new MI, or refractory or severe angina) compared with 21 patients (13.6%) in the standard therapy group (RR, 1.28; 95% CI, 0.76 to 2.16; Pϭ0.40) . Thirty-two patients in both the warfarin group (21%) and standard therapy group (21%) were rehospitalized for unstable angina over the 6 months of follow-up (RR, 0.99; 95% CI, 0.64 to 1.54; Pϭ0.97) . The rate of all deaths, new MI, and stroke was 6.5% (10 of 155) in the warfarin group compared with 2.6% (4 of 154) in the standard therapy group (RR, 2.48; 95% CI, 0.80 to 7.75; Pϭ0.10; Table 3 ).
Interventional Procedures
Before randomization into the warfarin substudy, 44 of 155 patients (28%) randomized to warfarin had an interventional procedure (cardiac catheterization, PTCA, or CABG) compared with 42 of 154 (27%) in the standard group. After randomization, procedures were performed on 29 (18.7%) of 155 patients in the warfarin group (3 in hospital and 26 during the 6-month follow-up) compared with 35 (23%) of 154 in the standard group (4 in hospital and 31 during the 6-month follow-up). The procedure rate in the nonrandomized group was 207 (71%) of 292 overall, with 153 occurring during the initial hospitalization and 54 occurring during the 6-month follow-up.
Safety
Four patients (2.6%) randomized to warfarin suffered a major bleed compared with no patients in the standard therapy arm. Of the 4 major bleeds, 2 were gastrointestinal hemorrhages and 2 were macroscopic hematuria. Three patients were taking aspirin concomitantly. One major bleed occurred in a patient on aspirin whose INR was above the specified therapeutic range (INR, 10) . The rate of minor bleeding was 14.2% in the warfarin group and 2.6% in the standard therapy group (RR, 5.46; 95% CI, 1.93 to 15.5; Pϭ0.001; Table 3 ).
Compliance With Warfarin
Of the 155 patients randomized to warfarin, 45 (29%) discontinued therapy before the end of the 6-month followup. Of these, 13 patients (29%) failed to continue warfarin after their initial hospital discharge (the reasons for this were not recorded), 11 (24%) had a planned interventional procedure, 7 (15%) experienced bleeding/medication intolerance, and 7 (15%) refused to continue with the study drug.
Phase 2
In phase 2, conducted from December 6, 1995, to May 22, 1996 , 308 patients were randomized to intravenous therapy with heparin or 1 of 2 doses of hirudin. Of these, 197 patients were randomized to the warfarin substudy: 98 patients were randomized to moderate-intensity warfarin (INR, 2.0 to 2.5), and 99 patients received standard therapy. All patients were followed for 3 months. Eighty-five percent of patients received aspirin (median dose, 325 mg/d). The reasons for not entering the warfarin substudy are found in Table 1 . The baseline characteristics of all patients are found in Table 2 .
Warfarin Dose and INR
The median time from the start of the intravenous infusion to receipt of the first dose of warfarin (10 mg) was 26 hours (range, 12 to 48 hours). During the period when patients were on intravenous antithrombotic therapy and warfarin, 3 patients (4%) achieved INR values Ͼ4, and all of these patients were receiving medium-dose hirudin. None of these patients experienced bleeding complications. By the time of first hospital discharge, the mean INR was 1.7 (Ϯ0.7), and during the follow-up period, the mean INR was 2.3Ϯ0.6 ( Figure 1 ). The mean daily dose of warfarin was 4 mg. 
Efficacy
Interventional Procedures
The procedure rate (cardiac catheterization, PTCA, or CABG) was 52 of 98 (53%) in the warfarin group, 65 of 99 (66%) in standard group, and 81 of 111 (73%) in the nonrandomized group. In the warfarin group, 34 of 52 (65%) of the procedures were preformed in hospital compared with 33 of 65 (51%) in the standard group and 59 of 81 (73%) in the nonrandomized group.
Safety
Two patients (2.0%) randomized to warfarin suffered a major bleed compared with 1 patient (1.0%) in the standard therapy arm (RR, 2.02; 95% CI, 0.19 to 22; Pϭ0.56). All patients were receiving aspirin. One patient suffered a retroperitoneal hemorrhage on day 3 after randomization while receiving intravenous heparin and had received an initial dose of warfarin, and the second patient suffered a spontaneous subdural hematoma after hospital discharge (day 26) while on warfarin (INR, 1.8). The major bleed in the standard therapy group occurred with the insertion of an intra-aortic balloon pump after a cardiac catheterization. The rates of minor bleeding were 28.6% in the warfarin group and 12.1% in the standard therapy group (RR, 2.44; 95% CI, 1.37 to 4.36; Pϭ0.004, respectively; Table 3 .
Compliance
Of those patients randomized to warfarin, 47 (48%) maintained treatment throughout the follow-up period of 3 months, ie, the end of study, without interruption. By 3 months, 51 (52%) had discontinued warfarin permanently. The main reasons for discontinuing warfarin included planned interventional cardiac procedure in 19 (37%), concern about bleeding/ medication intolerance in 12 (23%), or no objective evidence of coronary artery disease in 8 (16%).
Discussion
In phase 1, in which the effect of low-intensity, fixed-dose warfarin (INR, 1.5) and aspirin compared with standard therapy (aspirin alone) started after the cessation of intravenous heparin or hirudin and given for 6 months was studied, there were no apparent benefits of warfarin compared with standard therapy. A trend toward increased major bleeds was observed in the warfarin-treated patients, and a substantial increase in the rate of minor bleeds (RR, 5.46; PϽ0.001) was observed with warfarin. The excess in bleeding rates despite only a modest mean INR prolongation may reflect inadequate INR monitoring in this phase of the study, which led to marked prolongation of the INR in a few patients. Because of the disappointing results of phase 1 and similar results from 2 larger trials, 9,10 4 modifications to the protocol were made in phase 2 of the OASIS pilot study. First, we evaluated the efficacy of moderate-intensity warfarin adjusted to an INR of 2 to 2.5 and aspirin compared with standard therapy (aspirin alone). Second, warfarin was started during the intravenous infusion of heparin or hirudin. Third, the recommended frequency of INR monitoring was increased. Fourth, the duration of treatment was reduced to 3 months. These differences likely accounted for the differences observed in the control event rate between phases 1 (3.9%) and 2 (12.1%) . Despite the randomization of only 197 patients, promising trends in support of the efficacy of warfarin (INR, 2.3) in preventing recurrent ischemic events and rehospitalization for unstable angina over 3 months were observed. By 90 days, the relative reduction in risk of the primary outcome (composite of CV death, new MI, and refractory angina) was 58% (Pϭ0.08). In addition, a 49% relative reduction in risk of CV death, new MI, and refractory and severe angina (Pϭ0.05) and a 58% reduction of rehospitalization for unstable angina (Pϭ0.05) were observed.
No significant difference in the rate of major bleeding was observed between the groups. However, the absolute rates of major bleeds were low, and even a 2-fold difference in major bleed rates may have been missed. A significant increase in the rate of minor bleeding in the warfarin-treated patients (RR, 2.4; Pϭ0.003) was observed, although compared with phase 1, the excess risk was lower in patients treated with moderate-intensity than in those treated with low-intensity warfarin. The lower RR of bleeding in phase 2 may be a chance finding or alternatively may be related to the more frequent INR monitoring during the second phase of the pilot. Because the comparisons between the first and second phases were not randomized, any differences observed should be viewed with caution.
The results of the phase 1 comparison of low-intensity warfarin are consistent with the recent evidence from the CARS 9 and Post-Coronary Artery Bypass Graft 10 studies in which fixed doses of warfarin given together with aspirin were not found to be more effective than aspirin alone.
Previous trials of patients after MI indicate that moderateintensity warfarin is both efficacious and safe. [11] [12] [13] These trials were conducted without aspirin use but demonstrated a 35% to 40% RR reduction in major vascular events. Three randomized controlled trials have demonstrated the benefits of variable-intensity warfarin (INR range, 1.5 to 4.5) in the prevention of thromboembolic events and stroke in patients with atrial fibrillation. 14 -16 The recent SPAF-III trial in which high-risk patients with chronic atrial fibrillation were randomized to warfarin (INR, 2 to 3) or aspirin plus fixed low-dose warfarin (INR, 1.2 to 1.4) demonstrated that moderate-intensity warfarin alone was more effective than low-dose warfarin and aspirin and resulted in a 67% risk reduction in ischemic strokes. 17 Furthermore, trials in patients with unstable angina in which moderate-intensity warfarin was combined with aspirin demonstrate promising results 18, 19 that are consistent with the results of phase 2 of the OASIS pilot study. The ATACS trial compared the combination of moderate-intensity warfarin (INR, 2 to 3) and aspirin with aspirin alone; the combination produced a 53% RR reduction in recurrent ischemic events (CV death, MI, and recurrent angina) at 3 months (Pϭ0.06).
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Challenge of Warfarin Use in Patients With AIS
A reluctance by physicians to treat patients with AIS with long-term warfarin therapy was observed in this trial. The primary reason for this was the possibility that patients may undergo an interventional cardiac procedure such as cardiac catheterization, PTCA, or CABG surgery. Starting warfarin in this group of patients is considered by many physicians to be inconvenient, particularly if the effects of warfarin need to be reversed. The belief that revascularization may obviate the need for future warfarin therapy by reducing the risk of future death or myocardial infarction may also be relevant. However, in 3 moderate-sized randomized trials-TIMI-IIb, 20 TIMI-IIIB, 21 and VanQWISH 22 -there was no impact in the prevention of death or MI with a strategy of routine cardiac catheterization with liberal revascularization compared with a more conservative strategy. Second, poor compliance of patients who were randomized to warfarin was observed. The main reasons for discontinuation of warfarin therapy were planned invasive cardiac procedures, minor bleeding episodes, and patient inconvenience. The proportion of withdrawals in our study is similar to the rate of warfarin withdrawals reported in the ATACS trial, in which 45% of patients withdrew from warfarin before the 3-month follow-up. 16 
Study Limitations
Both of these studies were pilot studies conducted to assist in the design of a more definitive and larger study. Despite the small numbers of patients, the lack of benefit with warfarin in the first study is consistent with the results of 2 larger trials. 7, 8 The promising results of our second pilot are consistent with trials of moderate-intensity warfarin in unstable angina. 16 Nevertheless, the apparent large treatment effect sizes in both studies in unstable angina may be exaggerated by the play of chance, and it may be prudent to expect more moderate differences in a larger study. A second caution is that these studies were open, and all of the events were not adjudicated. However, a detailed analysis of the results indicated no differences in effects between the adjudicated and unadjudicated analyses, with Ͼ95% concordance for important outcomes such as death, MI, or stroke. 6 Our promising experience in phase 2 of the OASIS pilot study justifies more extensive evaluation of the moderateintensity warfarin. Therefore, we have embarked on a larger study (OASIS-2) in which we expect 4000 patients to be randomized to moderate-intensity warfarin (INR, 2 to 3) and aspirin versus aspirin alone after receiving intravenous antithrombin therapy.
